Background: Chronic kidney disease (CKD) is a growing global problem affecting around 10% of many countries' populations. Providing appropriate palliative care services (PCS) to those with advanced kidney disease is becoming paramount. Palliative/supportive care alongside usual CKD clinical treatment is gaining acceptance in nephrology services although the collaboration with and use of PCS is not consistent. Methods: The goal of this study was to track and quantify the health service utilisation of people with CKD stages 3-5 over the last 12 months of life. Patients were recruited from a kidney health service (Queensland, Australia) for this prospective, longitudinal study. Data were collected for 12 months (or until death, whichever was sooner) during 2015-17 from administrative health sources. Emergency department presentations (EDP) and inpatient admissions (IPA) (collectively referred to as critical events) were reviewed by two Nephrologists to gauge if the events were avoidable. Results: Participants (n = 19) with a median age of 78 years (range 42-90), were mostly male (63%), 79% had CKD stage 5, and were heavy users of health services during the study period. Fifteen patients (79%) collectively recorded 44 EDP; 61% occurred after-hours, 91% were triaged as imminently and potentially life-threatening and 73% were admitted. Seventy-four IPA were collectively recorded across 16 patients (84%); 14% occurred on weekends or public holidays. Median length of stay was 3 days (range 1-29). The median number of EDP and IPA per patient was 1 and 2 (range 0-12 and 0-20) respectively. The most common trigger to both EDP (30%) and IPA (15%) was respiratory distress. By study end 37% of patients died, 63% were known to PCS and 11% rejected a referral to a PCS. All critical events were deemed unavoidable. Conclusions: Few patients avoided using acute health care services in a 12 month period, highlighting the high service needs of this cohort throughout the long, slow decline of CKD. Proactive end-of-life care earlier in the disease trajectory through integrating renal and palliative care teams may avoid acute presentations to hospital through better symptom management and planned care pathways.
Background
The prevalence and burden of chronic kidney disease (CKD) is increasing globally [1] , and is a public health problem affecting more than 10% of people in advanced economies [2] . CKD is characterised by a sustained reduction in kidney function (estimated glomerular filtration rate [eGFR] ≤60 ml/min/1.73m
2 [3] with the leading causes being diabetes and hypertension [4] . In Australia, where the prevalence of CKD is around 10% [5] , the greatest growth in incidence is in those aged over 65 years [6] who tend to have more comorbid conditions, and greater frailty [7] , collectively translating to a greater need for health care services [8] .
Health care utilisation patterns map a range of activities in the delivery of health care including service planning, resource allocation and analyses/research [9] . National health statistics, such as from admitted patient data [10] [11] [12] , health expenditure data [13] and other major reports of activities [14] , provide a glimpse of how some patient groups use health services. For example, Medicare expenses for CKD in the USA were around $50 billion USD in 2013, accounting for nearly 20% of all Medicare spending [14] . In the UK (2009-10) CKD stages 3-5 alone cost the National Health Service (NHS) around £1.45 billion annually, which equates to around 1.3% of all NHS spending [15] . In Australia CKD is associated with 17% of all hospitalisations [5] . Ngu et al. found that inpatient admissions (IPA) due to CKD in Australia significantly increased over a four-year period from 5.2% to 8.6% of all hospital admissions, and of intensive care admissions from 8.3% to 13.3% [11] . CKD is often related to, or is an underlying condition in, many other admitted disease groups, such as cardiovascular and diabetes [14] . It is a signal for heavy use of health services, reflecting the medical complexity of this group of patients [8] .
There is compelling evidence that early integration of palliative care into usual cancer care provides benefits for patients and health systems [16] . While palliative care services (PCS) support patients in their terminal phases of cancer, the seamless integration of PCS into other clinical teams is less established [17] . It has been estimated that, globally, adults with non-malignant conditions make up around 65% of those needing palliative care [18] even though patients with a cancer diagnosis still dominate PCS utilisation [19] . The demand from people with terminal failure across a range of solid organs is also growing in Australia although access to PCS is low with only about 30% of the total PCS being provided to non-cancer patients [20] . In response palliative care is now broadening its scope to include these patient groups [21] , notwithstanding the paucity of data about their specific palliative care needs [22] . Palliative care is an important care pathway in advanced CKD (eGFR < 30 ml/ min/m 2 ) as well as end stage kidney disease (ESKD eGFR < 15 ml/min/m 2 ) to manage high symptom burden [23] and the comorbid disease loads in a population characterised by increasing age and frailty. Moreover, ESKD differs from most other terminal organ failure, where, for patients across the lifespan, dialysis can artificially prolong life for decades unlike other devices [24] . For instance, ventricular assist devices are restricted to a far narrower range of patients and are less readily available in many countries. Alternatively, conservative care is another management pathway where patients decide to not commence, or have been medically advised against, dialysis. Patients may also move from the dialysis to the conservative care pathway to stop dialysis [25] . In patients who opt not to have dialysis and instead follow a conservative care pathway, 20% are still alive 3 years later [26] . Compared with terminal cancer, the patterns of health service use [21, 27] and functional decline [28] in advanced CKD are less predictable. These are all important points of differentiation likely to necessitate the re-design of cancer focused PCS to align with the needs of the CKD population. An approach that is gaining acceptance in nephrology teams is combining palliative care and nephrology expertise to create transdisciplinary skillsets particularly important in the domains of symptom control and medication management [24] . The patients' use and experiences of health services are likely key outcomes of this re-design. This study aimed to understand the health service utilisation patterns in a cohort with advanced CKD whose prognosis was less than a year of life. The results will be translated into the redesign of appropriate palliative care/kidney transdisciplinary teams.
Aims
This study aimed to quantify patients' health service use over the 12 month period prior to their (anticipated) death. Specifically, this study reports on emergency department presentations (EDP) and inpatient admissions (IPA) (collectively referred to as critical events) and PCS utilisation. A secondary aim was to report on patients' symptoms, physical functioning and quality of life over the same period and this has been previously published [29] . Due to the substantial symptom burden [29] and slow functional decline of patients with advanced and progressive CKD, programs that integrate palliative/supportive care into usual clinical kidney care could assist with easing symptom burden particularly in these patients' last 12 months of life.
Methods

Design
For this prospective, longitudinal, observational study, demographic, clinical and health administrative data were collected at regular intervals from patients' medical records and from hospital-based administrative health databases for a 12 month period, or until their death.
Setting and sample
Nephrologists (HH, SR and AK) identified potential patients for this study from a kidney health service within the Metro North Hospital and Health Service (Queensland, Australia) throughout 2015-16. The hospitals frequented by the patients are all situated within the same Queensland Health Hospital and Health Service, and are referred to as Hospitals 1 (which has a consultancy only PCS on site), 2 and 3 (which both have a PCS and a dedicated palliative care inpatient unit on site). Hospital 1 is a major referral tertiary hospital (1000-bed) for Hospitals 2 and 3. This hospital provides comprehensive renal care. Hospital 2 is a 250-bed regional hospital that has an onsite satellite dialysis unit and outpatient services but not the other components of a renal service. Hospital 3 is a major teaching hospital (624-bed) that does not have a dedicated renal unit. Hospitals 2 and 3 do not have the capacity to deal with complex renal emergencies so any presenting patients are transferred to the renal service at Hospital 1.
The convenience sample were eligible if they were English speaking adults (≥18 year of age), with CKD stages 3-5 with a prognosis of < 12 months (clinician identified by answering 'no' to the surprise question, "would you be surprised if the patient died in the following 12 months?"), and were cognitively sound and competent to give informed consent. Exclusion criteria were extreme psychological or social distress likely to bias the collection of interviewer administered surveys (determined by clinical and/or research staff ), patients who died within 48 h of qualifying for the study, or who resided > 2 h' drive from the recruitment site (to enable in-person data collection). Patients included those who were receiving conservative care (CKD stages 4 and 5) and those receiving dialysis. Our target was to track 20 patients.
Data sources and tools
Clinical and administrative health data were collected from Queensland Health sources at the appropriate intervals throughout the study period to capture patients' medical history, emergency department presentations (EDP), inpatient admissions (IPA), and referrals to other health services. Comorbidities were collected from patients' medical records. See Tables 1 and 2 for details.
Expert consultant review of critical events
Critical events for the purpose of this study refer to: a) emergency department presentations (EDP); and b) inpatient admissions (IPA). Two nephrologists (AK and SR) reviewed patients' critical events retrospectively to determine if the events were avoidable or not. They were provided with a summary of each critical event alongside comprehensive chart notes of medical (diagnostic and treatment), social and psychological details, and additional health service utilisation around each event. This was a subjective process using the experience and expertise of the reviewing medical practitioners.
Analysis
Unique study codes were assigned to the patients on study entry. Descriptive statistics and frequency distributions were generated from the patients' demographic and clinical characteristics and service usage. Data sourced from Queensland Health administrative databases were triangulated with medical chart notes to identify and resolve discrepancies. Triggers to EDP were identified by collating and categorising the 'Reason for Presentation' and other clinical notes as found in EDIS. Triggers to IPA were identified by collating and categorising the Australian Refined-Diagnostic Related Groups (AR-DRG) [30] , as recorded in HBCIS, and associated Hard copy or electronic medical notes extracted from patient charts of each admission. Authors AB (expert renal nurse) and SC (non-clinical researcher) collaborated to ensure clinical information was categorised appropriately. Comorbidity scores were calculated using the Charlson Comorbidity index [32] .
Results
Of the 49 potentially eligible patients identified we recruited our target of 20 with two withdrawing within the first 2 months. They were replaced with two more patients from the potentially eligible group. One further patient withdrew at month 4, leaving a final sample of n = 19.
Demographic characteristics
Patients' median age at study entry was 78 years (range 42-90). Most patients were male (63%), married/defacto (53%) and co-residing with others (84%). Most were in CKD stage 5 (79%). Seven patients (37%) died during the study; of these, one died from a non-CKD related event (car accident). Nine patients (47%) were receiving conservative care throughout the study and the remaining 10 were on a haemodialysis pathway (53%). See Table 3 for full details.
Emergency department presentations (EDP)
Fifteen patients recorded 44 emergency department presentations (EDP) collectively at the participating hospitals. Patients receiving conservative care were more likely to present to Hospital 2 whereas those receiving haemodialysis presented to Hospital 1. Place of residence can dictate which hospital the patient is taken to in an emergency, which may explain the four hospital transfers where patients presented to one emergency department (ED) and then were transferred onto Hospital 1.
Patients in the dialysis group presented to the ED after-hours more often than those in the conservative group (43% versus 16% respectively). Most patients (89% of EDP) arrived at the ED by ambulance. These EDP were significant with 40 EDP (91%) triaged as categories 2 and 3 (Imminently and potentially life-threatening respectively) [32] and 73% admitted, i.e., transition to IPA. Patients spent considerable time in the ED (median 6. 4 h [range 1.8 to 24.8 h]). Seven patients (42%) presented at EDs three or more times during the study period. Frequent attendance at ED was less common in the conservative group (n = 2/9; 22% of group) compared to the dialysis group (n = 5/10; 50% of group). See Table 4 for additional detail.
Triggers to EDP
The most common triggers for EDP were respiratory distress, pain (which was separated into chest pain and other pain), hypotension and falls. Respiratory distress was the most common trigger for EDP for the dialysis group (32% of EDP) whereas pain was the most common trigger in the conservative group (38% of EDP). See Table 5 for more details.
Inpatient admissions (IPA)
During the study period, 16 patients (84%) recorded 74 inpatient admissions (IPA) collectively, excluding routine dialysis admissions, across participating hospitals. Patients receiving dialysis were principally admitted to Hospital 1 (90% of group's IPA). The conservative group recorded a similar number of IPA on weekends or public holidays (13%), as the dialysis group (14%). Most of the IPA were sourced via an ED (49%) although some patients were sent to an outpatient renal clinic or the dialysis unit from an ED so the source of their admissions was classified in hospital databases from those areas. There were other patients who had routine dialysis and then were admitted to an acute ward. Most admissions (58%) were classified as an 'emergency'. The code descriptor Episode Change (also known as a statistical admission) can be used to document a change in the patient's Care Type [30] , for example from acute to palliative, rehabilitation or maintenance, and back to acute, while not being physically moved from the hospital ward, and to describe the IPA source, admission status or discharge destination. In this study episode changes were the source of few IPA (8%). Some patient transfers were from hospitals not participating in the study hence the corresponding EDP were not captured. Most Care Types were recorded as Acute (92% of IPA), with very few recorded as Palliative (5% IPA). Most IPA resulted in patients returning home (76%). Five of the six illness-related deaths of study patients were recorded at the participating hospitals. If a patient did not die in a recruitment hospital, and we were not informed of their place of death by relatives (carers), their place of death for the purpose of this study is unknown. The length of stay of IPA was similar for all patients combined (Median 3 days; range 1-29) and per group. Of particular interest, n = 14 patients recorded multiple IPA during the study period. See Table 6 for additional information relating to the patients' IPA during the study period.
Triggers to IPA
The most often recorded triggers for IPA were similar to those for EDP; this is not surprising as most EDP (73%) resulted in an IPA. These triggers were respiratory distress, chest pain, cardiac events, 'other' pain, and vascular access issues such as fistula repairs. See Table 7 for more details.
Consultant review of critical events
All critical events were deemed to be unavoidable taking into consideration the context of each patient's clinical presentation, treatment care pathway and social situation.
Palliative care service referral status
During this study, the kidney health service which spans the three study sites received funding to commence an integrated Kidney Supportive Care program (KSCp) (comprised of a renal and palliative care multidisciplinary team) which is provided earlier in the CKD trajectory to primarily focus on symptom management and decision-making. This program interfaces with the renal treating team, the patient's general practitioner, and when required, refers seamlessly to PCS. Table 8 provides details of referrals to PCS or to the new KSCp. Two patients undergoing conservative treatment were engaged with a PCS at study entry. Six of the seven patients who died during their study participation were referred to a PCS either prior to or during the study. Only one patient was referred to both services. Twelve patients were referred to and/or were receiving care from either of these services by the time of their death or by study end. Two patients 
Weekend/public holidays 10 (14) 2 (13) 8 (14) Source of IPA Emergency Department 36 (49) 10 (63) 26 (45) Outpatient Department 15 (20) 4 (25) 11 (19) Transfer 9 (12) 1 (6) 7 (12) Routine IPA 8 (11) 0 (0) 9 (16) Episode change 6 (8) 1 (6) 5 (9) Admission status Emergency 43 (58) 10 (63) 33 (57) Elective 15 (20) 5 (31) 10 (17) Not assigned 15 (20) 1 (6) 14 (24) Episode change 1 (1) Excluding routine dialysis admissions (both receiving dialysis), who were still living at study end, were offered a referral to the KSCp but rejected the suggestion reporting they were not ready for supportive care discussions. Referrals to PCS were received very close to three patients' deaths (3, 11 and 16 days prior to death).
Discussion
We prospectively followed each patient, anticipated to be in their last year of life, for a maximum of 12 months to describe critical health service events and the use of PCS, and while the sample was small, it does reflect the heterogeneity of the advanced CKD population at this site. The study cohort were heavy users of health services as a whole, however the dialysis subgroup in particular were responsible for most of the health service use during the study period. Almost all study patients had at least one EDP with most arriving at the ED by ambulance followed by admission to an acute ward. All critical events were unavoidable, and many critical events occurred after-hours. The most frequent trigger for EDP and IPA was respiratory distress. Most patients who died during the study were engaged with a PCS prior to death although overall there were fewer deaths than anticipated. Previous studies identifying patterns in health service utilisation in those with CKD are limited by their retrospective design, reliance on various forms of administrative health and insurance data [8, 11, 33] and/or incomplete capture of individual patient-level data. These limitations are shared by previous Australian studies of service use near the end of life [34] [35] [36] [37] . Unlike reports from the Australian Hospital Statistics [10, 12, 38] which report collated service utilisation data (with the unit of measure being the occasion of service), this study reports the type as well as the number of critical events experienced by individual patients during their study participation.
Several other studies report people with advanced CKD are high users of health services [8, 11, 39] . The later stages of CKD is characterised by multiple comorbidities, [40] , high symptom burden [23, [41] [42] [43] [44] and a highly variable premature life expectancy [45] [46] [47] [48] . Our findings of multiple critical events recorded for individual patients during the study period align with the literature. Patients receiving dialysis recorded more critical events per patient than the conservative group, excluding routine dialysis admissions, even though they were younger than the conservative group. Typically the group of patients who opt for conservative care tend to be on average older with more comorbidities [26, 49] than those who opt for dialysis. While Quinn et al. found fewer IPA per patient in a haemodialysis cohort than our study, they did find that patient groups who are known to be heavy users of inpatient services, such as cardiology, had fewer IPA than patients with ESKD [39] . However Quinn and colleagues did not select patients on the basis of a prognosis of less than 12 months [39] . Nevertheless, both our study and Quinn's report relatively high consumption of health resources by patients with advanced CKD. Our study is not representative of the Australian population which showed EDP by ambulance was lower at 24% in 2015-16 Australia wide compared to 89% in our study [50] . Furthermore, around 29% of all EDP in Australia during this time resulted in an IPA [50] compared with 73% of our cohort, highlighting the high service needs of the advanced CKD cohort.
The duration of IPA in CKD cohorts varies widely across studies [21, 39, 51] . These studies are heterogeneous, with differences including study patient selection. We did, however, find that the median length of stay of IPA in our study group was shorter than the Australian average of 5.5 days [12] notwithstanding the study selection criterion of the last 12 months of life. These differences in duration of IPA may reflect whole of hospital systems and practices at the study sites. Of interest, in One of these patients was already known to a PCS at study entry c Two of these patients were known to, but were not actively engaged with, a PCS at study entry those who died during the study, four had a palliative care related IPA. Given that all patients were expected to die within 12 months and had substantial symptom burden [29] , these findings confirm the literature in that this patient group are not being referred early enough for palliative care/community services [52] even though in Australia, withdrawal from haemodialysis is the leading cause of death in these patients [53] . The after-hours initiated critical events captured during the study period are high. This may be because patients lack access to and/or knowledge of appropriate support, such as 24 h community services (e.g., general practitioners and domiciliary nursing services) and advice. In the area where this study took place, 24 h palliative care nursing care is available, however it is limited to those who are in the terminal phase of their disease. Another explanation is the complexity of the study patient cohort, with all critical events recorded during this study deemed to be unavoidable. We found that respiratory distress was the most common trigger to both EDP and IPA compared to findings in other studies of patients with CKD [8] or cancer [54] where pain was more likely to trigger an EDP. Patients with advanced CKD will benefit from palliative care input to initiate end-oflife discussions and to help determine future goals of care [55] such as their preferred place of care and withdrawal from dialysis. Furthermore, in collaboration with renal services, PCS can provide support with symptom management, and psychological support and education for both the patient and carer to manage expected exacerbation of symptoms such as breathlessness and pain [24] . Access to PCS earlier in the illness trajectory, rather than in the terminal phase, will ensure end-of-life decisions are made without urgency [56] . Proactive planning by PCS to address known triggers that could lead to acute health service use, particularly for events that occur after hours, are likely to reduce patients' use of these services or at the least reduce the length of IPA [57] .
There are limitations inherent when using administrative health data to inform research as these data are primarily gathered for financial, administrative management and departmental reporting purposes [58] . We found that patient transitions through acute services were often not transparent. For example, the percentage of EDP that resulted in an IPA did not equate to the percentage of IPA sourced from an ED which is probably due to sourcing two different databases (EDIS and HBCIS) and how the processes of transfers between hospitals, and episode changes, are recorded. We were able to quality assure dataset integrity in our study by validation against chart reviews. However this was only possible because of our small sample size. For example, one patient who presented to the ED of Hospital 2 was admitted to the ED Short Stay Unit while waiting for a transfer to Hospital 1 for specialist renal care. Hence, the admission source of the IPA at Hospital 1 was classified in the inpatient database (HBCIS) as a 'Transfer' rather than an admission from the 'Emergency Department'. Furthermore, the Admission Status code of Not Assigned does not provide any information of the nature of the IPA, such as emergency or elective. Research using large datasets is critically dependent on data integrity and the methodological approach used may lead to underestimating ED use and other health service use in the CKD patient population.
Major strengths of this study include its prospective, longitudinal design and our recruitment method. We recruited patients directly from a kidney service. Hence the patients were already known to have underlying CKD on study entry. Relying on administrative health data alone to identify cases by International Classification of Diseases (ICD-10) codes [59] or Palliative Care occasions of service (by classifications and categories) includes patients who develop renal failure secondary to other health conditions rather than having a pre-existing CKD diagnosis. Furthermore, we report on patients' multiple critical events during the study period and capture the triggers to, and geographical location of, these events. Nevertheless, there are also limitations to our study. Due to the small convenience sample, findings cannot be generalised. Bias may have been introduced into the study as: i) the patients were recruited from one kidney service, ii) recruitment was limited to patients who resided < 2 h drive from the recruitment site, iii) three investigators (HH, AK, and SR) were treating clinicians, and iv) two of these nephrologists (AK and SR) also reviewed the critical events. This has the potential to be both a limitation and strength of the study due to the nephrologists' extensive knowledge of the treatment used at the recruitment sites and/or of patients' specific conditions. Even though the patients in this study were chosen due to their limited prognosis, less died than would have been anticipated with a 12-month prognosis. A recent study found prognostication using the 'surprise question' in those in stages 4-5 CKD had moderate sensitivity and specificity (55% and 76% respectively) [60] which may explain why fewer participants died during our study. Therefore, comparison to previous studies (of patients nearing the end of life) should be treated with caution as previous studies may have selected their study population differently, for example, persons in the last 3 or 6 months of life. Despite these limitations, the findings provide insight into the critical events contributing to health service use. Undertaking this study proved the feasibility of i) recruiting a vulnerable CKD cohort, and ii) collecting health administrative data prospectively, that is, in almost 'real time' from a variety of health administrative sources. Furthermore, the triangulation of these data with comprehensive chart notes provided precision at the level of data elements of patients' complex health service utilisation.
Conclusion
The purpose of this study was to follow and quantify the use of health services by patients with CKD in their last 12 months of life. Most study patients were heavy users of acute health services which highlights their complex needs. Usage is validated by the distressing and potentially life threatening character of the triggers to the critical events. Therefore this cohort needs matching high quality care to manage their complex conditions and to avoid or reduce after-hours critical events. Nephrology experts worldwide note that the quality of care, particularly conservative and palliative care, is currently suboptimal for persons with advanced CKD [56] . It is therefore imperative to assemble timely, effective and sustainable high quality care pathways that meet patient need. Our findings will inform the design of, and methods used in, future multisite studies to provide evidence to inform the development of timely palliative care models that improve patient outcomes for those with advanced stages of CKD.
Implication for practice
The CKD population is heterogeneous in end-of-life trajectories with those in the conservative care group typically experiencing a long and slow decline of many months to several years to death whereas those who withdraw from haemodialysis die within 7-10 days. Traditional siloed models of renal and palliative care teams are the dominant model; re-design of clinical services is required to better match the needs of these vulnerable patients. For instance in the UK, one of the leaders in delivering kidney supportive care, only about 23% of renal units have an integrated renal/palliative care team [61] , although most restrict this service to the conservative care group of patients. Renal nurses are also strategically placed to assess for symptom burden, increasing frailty, and to coordinate the care of at-risk patients receiving kidney replacement therapies. Referral of patients to integrated renal/palliative care teams earlier in the CKD trajectory may reduce triggers to critical events which contribute to EDP and IPA as well as providing a seamless conduit to specialist PCS when the terminal phase approaches.
